ABSTRACT -The aim of this study was to estimate the production cost and economic indicators associated with the production and sales of fruits from 20 custard apple progenies during the initial five harvests, in order to identify the harvest season from which custard apple exploitation becomes profitable, as well as the most promising progenies from an economic point of view. The fruit yield data upon which the present work was based were obtained during the period from 2001 to 2005, in an experiment that evaluated 20 custard apple half-sibling progenies, under sprinkler irrigation. The progenies were evaluated in a random block design with five replicates and plots consisting of four plants each. The exploitation of custard apple progenies only showed to be a profitable agribusiness after the fourth year. Before that, only A3 and A4 progenies in the second year, and P3 and P11 in the third year provided profitable incomes. Considering the methodological assumptions imposed concerning the time period analysis and the prices as of July 2007, the most important profitability indicators (operating profit, return index and equilibrium price) evidenced that the A4 progeny is the most recommended, although other progenies are also highlighted, such as FJ1 and FJ2. As already discussed, the progenies showing the highest average yields of five harvests are not always the most economically recommendable ones. Index terms: Annona squamosa L., progenies, custard apple, sweetsop, bullock's heart, cost-effectiveness.
INTRODUCTION
Fruit crop irrigation is one of the most important agricultural activities in the Agricultural Center of Mossoró-Assu, Rio Grande do Norte, Brazil, where the melon plant (Cucumis melo L.) is the predominant crop. There has been an increasing interest by fruit growers in the cultivation of new species. Melon plants are generally grown in the second semester and it is desirable that farmers retain laborers who were hired to work on the crop; monoculture is causing serious disease and pest problems, and there is a demand by importing markets for a greater variety of tropical fruits. Furthermore, the exploitation of a small number of species leaves the farmer vulnerable to market oscillations.
Among fruit trees that became interesting to fruit growers, the custard apple tree (Annona squamosa L.) should be highlighted since it is well adapted to the conditions of the SemiArid Region (Maia et al., 1986) and because it yields fruits with a very sweet and fragrant pulp, and a pleasant and exotic flavor, considered the most desirable characteristics of custard apple.
Due to the mentioned facts, half-sibling custard apple progenies were obtained from household orchards and evaluated through their first three harvests (Anonymous, 2007) . The evaluation allowed the most productive progenies to be identified; however, like other technologies indicated for the exploitation of different fruit trees (Shin et al., 2007) , some questions remain unanswered. For example, it is interesting to know the custard apple production season from which fruit sales become economic, since fruit yield tends to increase as plants grow older.
Profitability analyses on the exploitation of fruit trees show that this is an advantageous enterprise with many species (Pires et al., 2004; Petinari & Tarsitano, 2002; Silva et al., 2004; Zonetti et al., 2002; ) including custard apple (Pelinson et al., 2005) . In most studies, economic assessment is done in relation to the economic viability of cultural practices (Ebert and Kreuz, 1988; Kreuz et al., 2002; Lima et al., 2005; Zonetti et al., 2002) . Nevertheless, no references could be found in the consulted literature about genotypes. Other studies deal with the numbers of fruits sold (Fagundes & Yamanishi, 2001) , price seasonality (Morgado et al., 2004) , and losses observed during trade (Silva et al., 2003) , including those verified for custard apple trees.
The aim of this study was to estimate the production cost and economic indicators associated with the production and sales of fruits from 20 custard apple progenies during the initial five harvests, in order to identify the harvest season from which custard apple exploitation becomes profitable, as well as the most promising progenies from an economic point of view.
MATERIAL AND METHODS
The fruit yield data upon which the present work was based were obtained during the period from 2001 to 2005, in an experiment that evaluated 20 custard apple half-sibling progenies, under sprinkler irrigation. The following progenies were evaluated: Mossoró/M, Aracati 2/A2, Aracati 3/A3, Aracati 4/ A4, Aracati 5/A5, Aracati 6/A6, Fazenda Experimental 1/FE1, Fazenda Experimental 3/FE3, Fazenda Experimental 4/FE4, Fazenda Experimental 5/FE5, Francisca Jales 1/FJ1, Francisca Jales 2/FJ2, João Gerônimo 1/JG1, João Gerônimo 2/JG2, João Gerônimo3/JG3, João Gerônimo 3/JG3, João Gerônimo 4/JG4, Serra do Mel 1/SM1, Serra do Mel 3/SM3, Serra do Mel 7/SM7 and Serra do Mel 8/SM8. The progenies were identified according to the initial letters of their native places, that is: M = Mossoró city, State of Rio-Grande-do-Norte (RN); A = Ema Brandl's ranch, at Aracati town, State of Ceará (CE); FE = UFERSA Experimental Farm, Mossoró, RN; FJ = Francisca Jales' ranch, Mossoró, RN; JJ= João Jerônimo's ranch, Mossoró, RN; SM = town of Serrado-Mel, RN. The planting pits were opened in October/00, measuring 60 cm × 60 cm × 60 cm, at a spacing of 5.0 m × 4.5 m. The progenies were evaluated in a random block design with five replicates and plots consisting of four plants each. More details on the agronomic evaluation of the progenies are presented in another study (Silva et al., 2007) . Service prices were estimated based on the daily wage value paid to field workers as of July, 2007. Prices of materials represent average prices provided by stores that sell livestock and farming products. As to irrigation, the computed value represented the amount of energy spent per year (1,098.74 kW hour -1 ). Agrochemicals costs were not considerated since these products were not applied during the experimental period. Fruit prices were those that local supermarkets were willing to pay in the considered month.
Production costs were calculated based on the economic costs of fixed and variable production factors, as well as on operating costs (Reis, 2002) . In other words, calculations included: effective operating cost (COpE), which is the sum of input and operations expenses; total variable operating cost (COpVT), which is the sum between COpE and other expenses incurred during the experiment, such as transport of the production (the orchard production transport to the property main entrance), food and lodging for workers, and so on (evaluated based on 5% of one half of COpE); total fixed operating cost (COpFT), which represents rural tax expenses (ITR), depreciation (of the irrigation system) and land leasehold; total operating cost (COpT), which is the sum between total fixed and variable operating costs; opportunity or alternative cost (CO), which corresponds to the best alternative use of the entrepreneur's capital and time, and was calculated based on a 12% APR applied to one half of the financial resources value spent on fixed 1 and variable costs. The interest rate selected to calculate the alternative cost must be equal to the return rate of the best alternative application (Leite, 1988) . Since this value cannot be determined, we decided to use the selic rate, which is considered the economy's basic interest rate and reflects on the average profitability of the economy's production activities. The interest rate for July 2007, applicable when charging, returning, or compensating federal taxes and contributions, starting in August 2007, is 0.97%, i.e., approximately 12% APR. (Receita Federal, 2007) .
Total variable costs (CVT) correspond to COpVT plus the alternative costs for the variable factors; similarly, total fixed costs (CFT) correspond to COpFT plus the alternative costs derived from the fixed factors.
Costs were calculated by means of cross sections in time, in which fixed capital, such as machinery and equipment, participate in the form of flow (depreciation), not in the form of stock (purchase of capital goods) (Neves & Shirota, 1989) . Unit costs were calculated, corresponding to total costs divided by productivity (kg ha -1 ) for each progeny, i.e., cost per unit product, called average costs. The economic performance indicators calculated were total gross income, or production value obtained, considering the price paid to the producer; operating profit, the difference between total gross income and total operating cost, which represents the amount of money left to compensate the capital and the entrepreneur's work; economic profit, the difference between total income and total cost; return index, the relation between total income and operating costs, a measure that represents the return of each currency unit (real) invested in the production, whose value should, therefore, be higher than one; equilibrium price, corresponding to the quotient between total operating cost and total physical production, i.e., the minimum price the product must reach for the income to cover all operating expenses. (Vale & Marciel, 1998) ; and profitability index, which is equal to the proportion of gross income that constitutes available resources (operating profit) (Martin, 1997) .
Another possible analysis is to consider the initial five years as the period of orchard formation, followed by an additional period of several years (with or without productivity alternation) to evaluate the total income obtained at the end of each period. However, there is no available information about the useful lifetime of custard apple trees (São José et al., 1997) . Besides, such useful lifetime shall certainly vary among progenies, in like manner of other crop progenies.
RESULTS AND DISCUSSION
It must be mentioned that there is a considerable variation in fruit size and weight within each progeny production. And, apparently, the consumers' preference is for larger fruits and they would tend to pay more for them. However, fruits were not classified according to their size and weight in order to differentiate progenies as these characteristics for commercial purposes.
In the first year, total operating cost was R$2,337.18 per hectare (Table 1) ; important items that made up this cost component were soil tillage, seedlings, and plastic containers used to harvest fruits. Expenses with materials in the initial year represented 69% of effective operating cost. These expenses were only incurred in the year when the experiment was implemented. For this reason, total cost in the first year was higher than in other years. There was a small yield in the first year, during which 12 harvests were required. In the second year, total operating cost was reduced by 33% in relation to the previous year. In spite of this reduction, there were expenses with operations performed during that period that were not incurred during the initial year, such as pruning. The number of harvests in the second year was increased by six-fold. From the third through the fifth year, expenses remained the same and therefore values for those years were consolidated into a single value. Costs for those years increased due to a higher number of harvests (three times per week, for three months), which represented 40% of effective operating cost.
Because yield values for the progenies were very low during the first year, no profit was obtained (Table 2 ). This caused all return index values to fall below one. The highest total gross income value obtained came from progeny A4. Equilibrium prices, which express the minimum prices producers must receive to cover all their costs, ranged from R$6.64 kg -1 for progeny A4 to R$28.90 kg -1 for progeny M. Higher productivities were observed in the second year relative to the previous year, thus generating small profits in most progenies investigated (Table 3) . Progeny SM1 provided an operating profit of R$10.07, but no economic profit was generated. This means that the progeny's yield in the second year was sufficient to offset operating costs (input and operations), but did not completely compensate the opportunity costs. Progenies A3 and A4 were the most productive. As a consequence, they generated higher profits; higher return indices, which express the return of each currency unit (real) disbursed during production, i.e., for each R$1.00 invested in the second year, progenies A3 and A4 provided returns of R$2.31 and R$2.18; and had profitability indices of 57% and 54%, respectively. Only using these two progenies the producer can sell one kilogram of product for less than R$1.00 and pay for all expenses. Only three progenies (M, SM1, and SM3) failed to generate economic profit during the second year. Again, progeny M was the least productive.
In the third year, progeny M still provided the smallest profit, while progenies A3 and FJ1 ranked first and second as the most profitable, respectively ( Table 4 ). During that year, all progenies had equilibrium prices higher than R$1.00, varying from R$1.55 (progeny A3) to R$4.70 (progeny M).
The highest yield values were observed in the fourth year of evaluation (Table 5 ). All progenies were profitable, including M. It should be pointed out that some progenies produced above 4,000 kg ha -1 (A4, A6, FJ1, and FJ2), with profits higher than R$6,000.00. Progeny FJ1, for example, had an economic profit of over R$7,500.00 ha -1 , with a return index of 5.13 and 79% profitability (relation between operating profit and total gross income).
Although all progenies generated profit in the fifth year (Table 6 ), a yield decrease can be observed in relation to the previous year, which resulted in a smaller total gross income. Again, progeny M was less productive, generating an economic profit of just R$159.46, while progeny FJ2 had a profit 19 times higher and was the most profitable during the last year of analysis.
It is possible that the intercropping of custard apple trees with other annual crops, especially in the initial years, will contribute to reduce losses resulting from the exploitation of this fruit tree during those years. A profitability evaluation of annual crops intercropped with banana plants demonstrated that, depending on the annual crop and technologies adopted, profitability indices may reach values ranging from 3.36 to 6.68 (Lima et al., 2005) .
A high physical yield is not sufficient to indicate that a progeny is supposedly more profitable. For this to occur, a number of other indicators capable of reflecting more accurately the economic return of the exploitation must be considerated. Fruit yield in the various progenies did not increase with cultivation time. In other words, there was an alternation of years when higher productivities were recorded and years when smaller productivities were observed (Tables 2 to 6 ). For example, the mean yield for all progenies in the fifth year was 48% smaller in relation to the previous year. A similar variation occurred between the second and third years, during which mean yield decreased in approximately 29%. It is possible that such alternation, similar to what was found by other authors (Almeida et al., 2000) , even in custard apple trees (Carvalho et al., 2000) , is associated with the plants themselves (depletion of photosynthate reserves after a year of higher production, for example) as well as with environmental factors (soil, climate, weeds, etc.). As alternation occurs, the indicators obviously undergo changes from one year to the next, without a tendency for stabilization, causing difficulties in the decision-making process as to which progeny should be recommended as the best economic performer. In order to overcome such difficulty, we chose to analyze the average values of economic performance indicators along the five years of study. Eleven progenies presented the yielding means of five harvests above the average yield of each harvest. Following, progenies were ranked in decreasing order of yielding means: A4 > A3 > FJ1 > A6 > A2 > FE5 > JG2 > FJ2 > JG1 > SM7 > SM8 (Table  7) . These progenies also presented the highest average operating profits, but in different decreasing sequence (Table 7) : FJ1 > A4 > FJ2 > A6 > JG2, SM7 > A2 > JG1 > FE5 > A3 > SM8. The three progenies showing the highest yield means (Figure 1) , and also, the highest operating profits (Figure 2 ) and the highest return indices (Table 7) were: FJ1, A4 and FJ2. With these progenies, the respective equilibrium prices were (Table 7) : R$ 3.39, R$ 2.14 and R$ 3.54. It was observed that the FJ1-operating profit (R$ 1932.51) was superior to the A4-operating profit (R$ 1899.89) by only 1.72 percent, meanwhile the FJ1-equilibrium price was 58.41 percent higher when compared to A4 progeny. However, progenies showing higher fruit yield means in the five harvests are not always the most recommended from the economic point of view. For example, the A3 progeny showed higher average yield than the FJ1, although the latter was observed to be more profitable, providing economical advantage.
It is important to point out that the technified system has proved to be the most profitable in custard apple trees, despite its higher cost when compared with the conventional system (Pelinson et al., 2005) . It should also be emphasized that, apparently, the amount of water applied via irrigation to the experiment on which the present work was based was smaller than desirable, due to the great limitations to obtain such input in the region. A higher volume of water applied could probably mean increased yields. TABLE 7 -Relative yielding means of five harvests of custard apple progenies: in relation to each of the five fruit yielding means (kg ha -1 ) (= 100%) of progenies; operating profits; return index and equilibrium prices, in (R$) as of July, 2007.
CONCLUSIONS
The exploitation of custard apple progenies only showed to be a profitable agribusiness after the fourth year. Before that, only A3 and A4 progenies in the second year, and P3 and P11 in the third year provided profitable incomes. Considering the methodological assumptions imposed concerning the time period analysis and the prices as of July 2007, the most important profitability indicators (operating profit, return index and equilibrium price) evidenced that the A4 progeny is the most recommended, although other progenies are also highlighted, such as FJ1 and FJ2. As already discussed, the progenies showing the highest average yields of five harvests are not always the most economically recommendable ones.
